Objective: To investigate associations of estimated cardiorespiratory fitness (eCRF) and all-cause and cardiovascular disease (CVD) mortality in a representative US population. Participants and Methods: A total of 12,834 participants, aged 20 to 86 years at baseline, were included in the Third National Health and Nutrition Examination Survey. They were followed up from October 18, 1988, through December 31, 2011, for all-cause and CVD death. Cardiorespiratory fitness was estimated from a nonexercise algorithm and further grouped into tertiles. Cox proportional hazards models were used to calculate hazard ratios (HRs) and 95% CIs. Results: A total of 3439 deaths (999 due to CVD) occurred during median follow-up of 19.2 years. After adjusting for race/ethnicity, education, age, hypertension, diabetes, hypercholesterolemia, baseline CVD, and cancer status, each metabolic equivalent increase of eCRF was associated with an 18% (range, 15%-21%) lower risk of all-cause mortality and a 19% (range, 15%-24%) lower risk of CVD mortality in men and a 24% (range, 20%-28%) lower risk of all-cause mortality and a 24% (18%-30%) lower risk of CVD mortality in women. 
C ardiorespiratory fitness (CRF) measures the ability of the circulatory and respiratory systems to supply oxygen to skeletal muscles during sustained physical activity (PA); CRF is inversely associated with the risk of all-cause and cardiovascular disease (CVD) mortality. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The measurement of CRF often requires specialized equipment and trained personnel, and it is time-consuming and relatively expensive, especially in clinical settings. 11 The development of nonexercise algorithms provides a cost-effective way to estimate CRF from easily obtained health indicators.
Several nonexercise algorithms have been developed based on different studies. [12] [13] [14] [15] [16] [17] [18] [19] Most were derived from cross-sectional data, and estimated CRF (eCRF) was based on linear regression of age. Recent longitudinal studies demonstrated that CRF declines nonlinearly with aging. 13, 20, 21 To achieve more accurate estimation of CRF, Jackson et al 13 developed longitudinal nonexercise algorithms based on age, quadratic age, sex, body mass index (BMI)/percentage fat, waist circumference (WC), resting heart rate (RHR), PA, and smoking status. The results based on longitudinal nonexercise eCRF revealed a significant association with all-cause and CVD mortality in the study using 1999-2006 National Health and Nutrition Examination Survey (NHANES) data 22 and in the Aerobics Center Longitudinal Study (ACLS), 23 which were comparable with studies using directly measured CRF. 3, 24, 25 Another study that applied the longitudinal nonexercise algorithm to estimate CRF was from a Spanish cohort 26 of men and women 60 years or older followed up for mortality. It reported an inverse association between higher eCRF and lower risk of allcause death in women but not in men and, therefore, questioned the feasibility of this nonexercise eCRF in the prediction of mortality in elderly adults.
The present study aimed to investigate the association between eCRF and mortality due to all causes and CVD in men and women with a wide age range in the Third NHANES (NHANES III).
PARTICIPANTS AND METHODS

Study Population
The NHANES III (1988) (1989) (1990) (1991) (1992) (1993) (1994) ) uses a complex multistage, stratified, clustered, probability sample design and is a nationally representative sample of the civilian, noninstitutionalized US population. Conducted by the National Center for Health Statistics, Centers for Disease Control and Prevention, the NHANES III collects information on the health and nutritional status by personal interview, physical examination, and laboratory testing after obtaining signed consent forms from participants. 27 Although CRF was not measured in the NHANES III, all the variables needed in the longitudinal nonexercise algorithm were collected, which enables us to estimate CRF. 13 This study was followed up from October 18, 1988 , through December 31, 2011 .
Of the 20,050 adult participants from the NHANES III, we excluded those meeting the following criteria: (1) age beyond the range for which the algorithms were developed (men: 20-86 years; women: 20-78 years) (n¼3903); (2) race/ethnicity other than nonHispanic white, non-Hispanic black, or Mexican American (n¼655); (3) BMI less than 18.5 (n¼241); (4) the first 2 years of follow-up (n¼410); and (5) Physical activity included walking a mile or more at a time without stopping, jogging or running, riding a bicycle, swimming, doing aerobics, doing other dancing, calisthenics, gardening or yard work, lifting weights, and doing other activities. For each of these activities, 3 questions were asked. For example, did you swim in the past month? How often did you swim? Intensity ratings of activities in units of METs were assigned according to the standardized coding scheme developed by Ainsworth et al. 28 A list of the intensity ratings can be found in the Household Adult File, Appendix 2, at the Centers for Disease Control and Prevention website. 29 Based on the selfreported information, PA was divided into 2 levels: active and not active. The active group comprised those who met the recommended levels of PA (ie, moderate activity [METs of 3-6] !5 times per week or vigorous activity [METs >6] !3 times per week). 30 The not active group included people who did not achieve the recommended levels of PA. Once the algorithms were implemented, participants were classified into lower, middle, and upper groups on the basis of age-(20-39, 40-49, 50-59, or !60 years) and sex-(men or women) specific tertiles of the estimated MET distribution.
Potential Confounders
Race/ethnicity groups are non-Hispanic white, non-Hispanic black, and Mexican American. Education was categorized into 2 levels according to the highest grade completed: 12 years or more (high school and above) and fewer than 12 years (less than high school).
Hypertension was defined based on previous physician diagnosis, taking prescribed medicine to decrease BP, or BP of 140/90 mm Hg or greater; diabetes was defined based on physician diagnosis, taking diabetes pills, insulin use, or glucose level greater than 6.9 mmol/L. 31 Glucose level was the average of the first and second venipuncture plasma glucose measurements, or serum glucose if plasma glucose was missing; and hypercholesterolemia was defined based on physician diagnosis, taking prescribed medicine to lower the cholesterol level, or a serum cholesterol level greater than 6.2 mmol/L. 32 Cardiovascular disease status was defined based on physician diagnosis of congestive heart failure, stroke, heart attack, or any pain or discomfort in the chest. Cancer status was defined based on physician diagnosis of cancer. All information was collected by trained examiners using standardized procedures. Details of the questionnaires and examination components can be found in the NHANES III reference manuals and report. 33 
Assessment of Mortality
The mortality of participants was ascertained by linkage to the National Center for Health Statistics survey, which used multiple sources of information to determine the final mortality status of a participant. Mortality sources include death certificate records from the National Death Index, the Death Master File, or the Numerical Identification System file from the Social Security Administration; mortality status obtained from the Centers for Medicare and Medicaid Services; death certificates; and information collected during the Second Longitudinal Study of Aging follow-up period. 34 The follow-up time was months calculated from the baseline interview date until the registered date of death or the end of follow-up (December 31, 2011), whichever came first.
A new underlying cause of death (UCOD) coding variable, UCOD-113, was developed to achieve comparability of the International Classification of Diseases (ICD) 9th and 10th revisions. The UCOD-113 recodes cause of death under ICD-9 coding rules into ICD10ebased groups. CVD mortality was defined by UCOD-113 codes 54-64, 70. Its corresponding ICD-9 and ICD-10 coding can be found in the report. 35 Statistical Analyses Baseline characteristics were summarized based on nonexercise eCRF groups for men and women. Mean AE SE was used for continuous variables, and frequency and weighted percentage for categorical variables. Differences in means or percentages among the 3 eCRF groups were tested using linear regressions and c 2 tests, respectively. Considering the complex design of NHANES III, sampling weight, strata, and cluster were considered in all the analyses. 27 Cox proportional hazards models were used to calculate hazard ratios (HRs) and 95% CIs for all-cause and CVD mortality according to eCRF (both as continuous and categorical variables). The proportional hazards (PH) assumptions were examined graphically by plotting the logarithm of the cumulative hazard function vs time or by examining the association between the Schoenfeld residual and time. Covariates that did not satisfy the PH assumption were adjusted as strata in stratified PH models.
Three multivariable models were analyzed. Model 1 adjusted for race/ethnicity, education, and age (we dichotomized age into <60 vs !60 years because entering it as a continuous variable did not satisfy the PH assumption) 26 ; model 2 adjusted for all the variables in model 1 plus hypertension, diabetes, and hypercholesterolemia; and model 3 adjusted for all the variables in model 2 plus CVD and cancer status. The linear trend test was calculated by modeling eCRF groups as an ordinal variable. Interactions between eCRF groups, age (<60 vs !60 years) and sex were also checked. Because they were statistically significant, we also presented the ageÂsex subgroup analyses. Sensitivity analyses were also conducted in relatively healthy individuals, who were without a reported history of CVD, cancer, or diabetes. Data management and statistical analyses were performed using a software program (SAS, version 9.4; SAS Institute Inc). An a level of .05 was considered significant.
RESULTS
After median follow-up of 19.2 years (interquartile range, 17.4-21.0 years), 3439 participants died (999 of CVD). Baseline characteristics are shown by eCRF tertiles in men (Table 1 ) and in women ( Table 2 ). In general, a large proportion of people in the higher eCRF groups were younger; were non-Hispanic white; had completed high school or more; were not current smokers; had a lower weight, lower BMI, smaller WC, and lower level of RHR; were physically active; and had a lower percentage of reporting hypertension, diabetes, and history of CVD.
eCRF and Mortality in Men
Higher eCRF was associated with lower risk of all-cause mortality in men. Compared with model 1, HRs increased only slightly in models 2 and 3 and remained statistically significant. After adjusting for race/ethnicity, education, age, hypertension, diabetes, hypercholesterolemia, CVD, and cancer status, each MET increase of eCRF was associated with an 18% (range, 15%-21%) decrease in hazard risk. Considering the lower eCRF group as the referent, HRs (95% CIs) in the middle and upper eCRF groups for all-cause mortality were 0.72 (0.61-0.85) and 0.56 (0.47-0.67), respectively. Trend tests showed significant trends across ascending categories of eCRF groups ( Table 3 ). The magnitude and pattern of the association between eCRF and CVD mortality were consistent with all-cause mortality. Each MET increase of eCRF was associated with a 19% (range, 15%-24%) decrease in hazard risk for CVD mortality. The HRs (95% CIs) in the middle and upper eCRF groups for CVD mortality were 0.76 (0.57-1.01) and 0.48 (0.34-0.66), respectively (Table 3) . Results in relatively healthy participants without a reported history of CVD, cancer, or diabetes were consistent (Table 4) . Table 3) . The magnitude and pattern of the association between eCRF and CVD mortality were similar as for all-cause mortality. Each MET increase of eCRF was associated with a 24% (range, 18%-30%) decrease in hazard risk of CVD mortality. The HRs (95% CIs) in the middle and upper eCRF groups for CVD mortality were 0.84 (0.60-1.17) and 0.46 (0.33-0.66), respectively (Table 3 ). In relatively healthy women, reduced risk was significant for all-cause mortality. The HR (95% CI) per MET was 0.75 (0.58-0.95) for CVD mortality, although the HRs (95% CIs) in the middle and upper eCRF groups for CVD mortality were nonsignificant (Table 4) .
Subgroup Analysis
Interactions among eCRF groups, age (<60 vs !60 years), and sex were significant (P< .001). Results of the ageÂsex-specific subgroup analyses also showed the inverse association between eCRF and mortality due to all causes and CVD ( Figure) , except for CVD mortality in men younger than 60 years. The HRs (95% CIs) in the middle and upper eCRF groups for all-cause mortality were 0.71 (0.49-1.01) and 0.74 (0.53-1.04), respectively, in men younger than 60 years. But when eCRF was modeled as a continuous variable, the HR (95% CI) per MET is 0.84 (0.78-0.91). Similarly, HRs (95% CIs) in the middle and upper eCRF groups for CVD mortality were 0.45 (0.20-1.00) and 0.54 (0.27-1.08), respectively, in women younger than 60 years; the HR (95% CI) per MET was 0.74 (0.63-0.86), which is statistically significant.
DISCUSSION
In this relatively large representative US study, nonexercise eCRF was inversely associated with mortality due to all causes and CVD in men and women. To our knowledge, only 3 studies have investigated the association between the longitudinal modelederived eCRF and all-cause and CVD mortality. 22, 23, 26 A short report using 1999-2006 NHANES data showed that for per-MET increase, HRs (95% CIs) were 0.76 (0.72-0.80) for allcause mortality and 0.71 (0.61-0.82) for CVD mortality in all the participants, 22 which were comparable with HRs observed from the NHANES III (Table 3 ). The slightly quantitative difference might be explained by the sample size, length of follow-up, death occurrences, and characteristics of participants. The NHANES III has a larger sample size (12, The ACLS reported that the HRs (95% CIs) associated with each MET increase of eCRF were 0.85 (0.82-0.88) for all-cause mortality and 0.81 (0.77-0.86) for CVD mortality in men and 0.87 (0.75-0.99) for all-cause mortality in women, which was consistent to the present study. 23 However, we found a significant inverse association between eCRF and CVD mortality in women, whereas the HR (95% CI) was 0.84 (0.64-1.12) and not quite significant statistically in the ACLS study. This inconsistency might also be explained by the fact that the NHANES III has longer follow-up (median, 19.2 years vs 14.5 years in the ACLS), which provides more CVD deaths (among 6586 women, 380 died of CVD vs among 9145 ACLS women, 50 died of CVD). In addition, more than 90% of the ACLS women were non-Hispanic white, whereas the NHANES III women included almost 20% people who reported as nonHispanic black or Mexican American. The second major finding was the lower risk of all-cause and CVD mortality associated with incremental eCRF in men 60 years and older. A previous study with elderly women in Spain found that eCRF was associated with 20% lower all-cause mortality per MET, which was in accordance with the present study. 26 However, their results did not support the predictive validity of these algorithms in elderly men. The inconsistency from the Spanish study might be explained by differences in population characteristics (US population vs Spanish population) and follow-up period (median, 14.6 years vs 9.4 years for elder adults). However, we did not find an association between eCRF and CVD mortality in men who were younger than 60 years.
In addition, the present findings were comparable with those of studies using other nonexercise algorithms. One is a pooled analysis of 8 cohorts from the Health Survey for England and the Scottish Health Survey. A 1-SD increase in eCRF (corresponding to 1.6-1.7 METs) was associated with 15% (range, 7%-22%) and 25% (10%-33%) decreases for all-cause mortality and CVD mortality, respectively, in men and 12% (range, 2%-20%) and 27% (range, 8%-40%) decreases, respectively, in women. 36 Another is the Nord-Trøndelag Health Study (the HUNT study). After adjusting for age, clinical risk factors, lifestyle factors, and disease status, HRs (95% CIs) associated with each MET increase of eCRF were 0.87 (0.84-0.90) for all-cause mortality and 0.82 (0.78-0.87) for CVD mortality in men and 0.89 (0.86-0.93) for all-cause mortality and 0.85 (0.78-0.92) for CVD mortality in women. 37 Note that the present study results were consistent with those of studies with directly measured CRF. In general, mortality decreases by 10% to 20% with each 1-MET increase of CRF.
3,7-9,38 A meta-analysis of 33 eligible studies showed that pooled relative risks (95% CIs) of all-cause mortality and coronary heart disease or CVD per 1-MET increase were 0.87 (0.84-0.90) and 0.85 (0.82-0.88), respectively. 3 The consistency of the magnitude of the previous inverse associations between measured CRF and eCRF provides initial evidence that the eCRF generated by the longitudinal algorithms might be used as a proxy for objectively measured CRF. More studies with similar follow-up periods need to be performed to confirm or reject these findings.
The potential mechanisms for the protective role of eCRF might be achieved through healthy lifestyle habits, which, in turn, reduce The model was adjusted for race/ethnicity, education, age, hypertension, and hypercholesterolemia.
levels of BP and cholesterol, improve insulin sensitivity and control body weight, and enhance cardiopulmonary function and cognitive ability. 23, 39, 40 Health benefits can be achieved by encouraging people to improve PA and CRF levels, which has been demonstrated by numerous reports. [41] [42] [43] [44] [45] The American College of Sports Medicine has provided scientific evidenceebased recommendations to improve CRF and health. 46 The present study examines the association between eCRF and mortality using a US representative sample of adult men and women. The sample size was relatively large, and an adequate number of deaths was observed during a long follow-up. The nonexercise algorithms we applied were derived from a longitudinal study, taking the nonlinear role of age into account, which can provide a more precise estimation of CRF. All questionnaires, physical examinations, and laboratory tests were conducted by trained examiners in the NHANES III. Limitations of this study, however, must also be acknowledged. First, PA was from self-report, which could introduce recall or social desirability bias into the estimation of CRF. Second, we included only non-Hispanic white, non-Hispanic black, and Mexican American adults. Therefore, the findings might not be generalized to other race/ ethnicity populations. Last, eCRF was obtained at baseline only, so it is possible that eCRF might change during follow-up because components used to determine eCRF may FIGURE. Hazard ratios (HRs) and 95% CIs for all-cause mortality and cardiovascular disease (CVD) in 4 subgroups (men <60 years old, men !60 years old, women <60 years old, and women !60 years old) after adjusting for race/ethnicity, education, hypertension, diabetes, hypercholesterolemia, CVD, and cancer status. Lower estimated cardiorespiratory fitness (eCRF) was the reference group.
change, which primarily would lead to an underestimation of the study association.
In conclusion, by using nonexercise algorithms to determine eCRF based on the commonly collected health indicators in the NHANES III database, we found that a higher level of eCRF is associated with lower risk of all-cause and CVD mortality. The estimated method of CRF is feasible for clinicians and others to use to reflect CRF levels and predict risk of all-cause and CVD mortality.
